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ABSTRACT 


This  report  covers  work  done  on  Contract  No. 
Nobsr-57448,  Index  No.  NE-091035  ST7,  at 
The  University  of  Tennessee  during  the  month 
of  March  1954. 

The  following  was  accomplished: 

1.  A vertically  stacked  end-fire  array  of 
rhombic  antennas  has  been  partially  investigated 
as  an  additional  method  of  obtaining  vertical 
steering.  Horizontal  patterns  of  a simple  ver- 
tically stacked  array  of  rhombic  antennas  are 
being  calculated. 

2.  Radiation  patterns  of  the  circular  travel- 
ing wave  antenna  have  been  measured  over  a 
wide  range  of  frequencies. 

3.  The  vertical  radiation  pattern  for  the 
vertical  half-rhombic  antenna,  over  an  im- 
perfect earth,  has  been  calculated  for  10 
increments. 


PART  I. 


Purpose 

This  project  involves  the  development  of  a high  frequency 
steerable  antenna  having  the  following  characteristics: 

1.  It  shall  be  operable  throughout  the  frequency 
range  of  4 to  32  megacycles  per  second. 

2.  It  shall  be  capable  of  four,  or  more,  simultan- 
eous transmissions  on  different  frequencies, 
and  at  different  azimuth  and  elevation  angles. 

3.  For  each  transmission,  it  shall  be  capable  of 
being  directed  to  any  azimuth  angle  and  to  any 
elevation  angle  between  the  horizon  and  30u 
above  the  horizon. 

The  communication  system  shall  provide  reliable  24-hour 
day-to-day  communication  with  a 20-decibel  signal-to- 
noise  ratio.  The  ranges  to  be  covered  are  from  approx- 
imately 500  nautical  miles  to  4000  nautical  miles. 

The  development  consists  of  two  phases: 

Phase  I.  Theoretical  and  experimental  studies. 

Phase  II.  Development  of  design  criteria. 
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Detail  Factual  Data 


1.  In  Interim  Development  Report  No.  18  under  Con- 
tract NObsr-57448  it  was  shown  that  an  array  of  ver- 
tically stacked  rhombics  covers  nearly  all  of  the  range 
of  elevation  angles  required  over  a frequency  range  of 
four  to  one.  Incomplete  coverage  is  obtained  only  at 
lower  elevation  angles  for  the  lower  frequencies  (deter- 
mined from  ionospheric  studies).  An  attempt  has  been 
made  to  improve  this  array  with  respect  to  low  angle 
radiation  at  the  lower  frequencies  An  array  of  stacked 
rhombics  in  an  end-fire  array  is  presently  being  invest- 
igated as  an  additional  means  of  obtaining  vertical  steer- 
ing. (It  is  hoped  that  this  array  will  ccver  all  of  the 
elevation  angles  required. ) 

Typical  horizontal  patterns  for  various  elevation 
angles  are  shown  in  Figures  1 through  15  for  the  arrays 
of  stacked  rhombics  investigated  in  Interim  Development 
Report  No.  18.  These  patterns  are  for  E ,,  the  perpendicularly, 
or  horizontally  polarized  component  of  the  electric  field, 
only  At  low  elevation  angles  the  component  of  the 

electric  field  is  rather  small  and  will  be  neglected  tempor- 
arily. Horizontal  beamwidths  are  of  the  order  of  20  for 
these  arrays,  indicating  that  9 or  more  of  these  arrays 
of  stacked  rhombics  would  be  needed  to  cover  360  in 
azimuth  if  each  array  were  made  optionally  unidirectional 
(that  is,  the  termination  end  and  the  feed  end  interchange- 
able). 


2.  Radiation  patterns  of  the  circular  traveling  wave 
antenna  model  have  been  measured  over  a frequency  range 
of  350-1200  Me.  The  termination  used  for  these  patterns 
is  a high -attenuation  open-wire  transmission  line,  con- 
structed of  0.001-inch  diameter  nichrome  wire,  with  a 
characteristic  impedance  designed  to  be  800  ohms. 

The  mathematical  analysis  of  the  circular  traveling- 
wave  antenna  is  being  investigated  in  an  attempt  to  sim- 
plify calculation  of  the  theoretical  patterns.  The  theoretical 
analysis  produces  integrals  of  the  form 

-j  ( ZQ  - a cos  8 - bsinfl  >d  ^ 

o 

The  first  evaluation  of  this  integral  produced  a group 
of  terms  containing  products  of  Bessel  functions  and  trigono- 
metric functions  in  infinite  summations,  with  the  rapidity 
of  convergence  dependent  on  antenna  dimensions,  and  for 
this  reason,  a simpler  expression  is  being  sought. 

3.  The  vertical  radiation  pattern  for  the  vertical  half- 
rhombic  antenna,  over  an  imperfect  earth,  has  been  cal- 
culated for  10  increments.  A plot  of  these  values  failed 
to  satisfactorily  locate  the  nodes,  and  additional  calcula- 
tions will  be  made  at  intermediate  points  in  order  to 
remedy  this. 
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Experimental  Study  of  Final  Array. 


Conclusions 


1.  The  horizontal  patterns  of  a stacked  rhombic  array 
show  average  beamwidths  of  the  order  of  twenty  degrees. 
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PART  II 


Program  for  Next  Interval 

1.  An  attempt  will  be  made  to  improve  the  elevation 
angle  and  frequency  coverage  of  the  stacked  rhombic 
array,  especially  at  lower  frequencies. 

2.  The  investigation  of  the  theoretical  pattern  of 
the  circular  traveling  wave  antenna  will  be  continued. 

3.  Calculation  of  the  vertical  radiation  pattern  of 
the  vertical  half-rhombic  antenna,  over  an  imperfect 
earth  will  be  continued. 
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